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ABSTRACT 
Almost every b u i l d i n g  owner o r  manager i s  i n te res ted  i n  c o n t r o l l i n g  e l e c t r i c a l  costs. Since the HVAC 
system i s  a l a rge  user o f  e l e c t r i c i t y ,  t h i s  a r t i c l e  w i l l  discuss what can be done i n  the HVAC system t o  
in f luence p a r t s  o f  the u t i  1 i t y  b i  11. 
l NTKOOUCTI ON 
A u t i l i t y  b i l l  cons i s t s  o f  f ~ u r  major par ts :  
1. Usage - t h e  u s e r ' s  a c t u a l  consumpt ion a f  
energy measured i n  k i lowat t -hours  (kwh). Th is  charge 
r e p r e s e n t s  t h e  c o s t  ' o f  f u e l  c o n v e r t e d  t o  energy.  
2 .  F u e l  ad jus tmen t  cha rge  - t h e  cha rge  t h a t  
u t i l  i t i e s  are al lowed to  make f o r  seasonal changes i n  
the  cos t  o f  f ue l  . 
3 .  Demand charge - the  premiun r a t e  charged f o r  
t h e  u s e r ' s  h i g h e s t  pe r i od  o f  e l e c t r i c a l  consmpt ion.  
The demand i n t e r v a l  i s  u s u a l l y  1 5  m inu tes .  T h i s  
charge i s  r e p r e s e n t a t i v e  o f  the investment necessary 
t o  mee t  t h e  u s e r ' s  maximum power requ i remen t  and 
f i gu res  prominently i n  e l e c t r i c a l  costs. 
4 .  Power f a c t o r  - t h e  d i f f e r e n c e  b e t w e e n  
apparent power and actual  power. Simply stated,  i t  i s  
t he  ex t ra  cu r ren t  needed t o  magnetize r o t o r s  and o the r  
i n d u c t i v e  devices. This magnetizing cu r ren t  does n o t  
a p p e a r  o n  w a t t - h o u r  m e t e r s  so i t  i s  measu red  
separately and prorated as an add i t i ona l  charge. 
DEMAND 
Demand i s  measured by a pu lse  generator i n s t a l l e d  
I n  the watt-hour meter. The pu lse  generator makes and 
b reaks  a c o n t a c t  a t  a r a t e  p r o p o r t i o n a l  t o  energy 
rrrana n r  b w h  r s r h  r l n r  i n n  9 n r l  anontnn n* nttlcn 
W h i l e  i n c r e a s e d  demand d u r i n g  a demand peak 
p l a c e s  an added burden on t h e  u t i l i t y ,  i nc reased  
demand d u r i n g  o f f  peak periods al lows the u t i l i t y  t o  
produce a l a r g e  p o r t i o n  o f  the annual load w i t h  more 
e f f i c i e n t  generat ing equipment. To encourage o f f  peak 
usage, a u t i l i t y  may o f f e r  t ime o f  day ra tes .  Time o f  
day r a t e s  charge a premium d u r i n g  p e r i o d s  o f  h i g h  
demand ( o n  p e a k )  and  o f f e r  reduced r a t e s  d u r i n g  
p e r i o d s  o f  l o w  demand ( o f f  peak). The charge may be 
based on demand, usage o r  both. 
U t i l i t i e s  meet increased demand dur ing  peaks w i t h  
gas o r  d i e s e l  peak ing  p l a n t s .  These generators are 
designed to come on l i n e  qu i ck l y  and seldom ob ta in  the 
e f f i c i e n c y  o f  1 a r g e r  base l oad  plants.  To cover the 
c o s t  o f  peak ing  c a p a c i t y  t h a t  1 i e s  i d l e  f o r  extended 
p e r i o d s ,  u t i l i t i e s  may i n v o k e  a minimum b i l l i n g  
demand. A min imum b i l l i n g  demand i s  based on a 
pe rcen tage  o f  t h e  h i g h e s t  demand dur ing  the year o r  
season .  F o r  examp le ,  t a k e  a r e c o r d e d  demand i n  
January  o f  890 kw. The recorded demand the previous 
A u g u s t  was 1450 kw. The January  demand cha rge  i s  
based on 1305 kw (90 percent  o f  1450 kw). 
Power  f a c t o r  and demand, w h i l e  g e n e r a t i n g  
a d d i t i o n a l  c o s t  t o  t he  user, do n o t  p rov ide  any user 
b e n e f i t .  They a r e  s imp ly  use r  i n e f f i c i e n c i e s .  By 
improving power f a c t o r  o r  reducing demand, the c o s t  o f  
energy can be reduced w i thou t  any l oss  o f  benef i ts .  
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t e l  ephone sys tems and computer 
outages. Some u t i l i t i e s  s t o r e  
1 l a rge  hydro reservoirs.  These 
i i shed n a t u r a l l y  by watershed o r  
f i c i a l l y  by using o f f  peak power 
to the reservo i r .  U t i l  i t i e s  have 
i i t i n g  f o r  a number o f  years .  
d a r e b a t e  f o r  r e d u c i n g  t h e i r  
When the  u t i l i t y  needs to shed 
i s  sent  to  t u r n  o f f  one o r  mnre 
m e r ' s  e l e c t r i c  water heater o r  
equipment. 
wges have ent iced more and more 
same s t ra teg ies .  The execution 
ieeds o f  the user. For example, 
i c y  g e n e r a t i n g  equipment as an 
t r i m  demand dur ing  peaks. Since 
be t h e  c u l p r i t ,  demand can be 
these same s t r a t e g i e s  t o  t h e  
~ r p t i o n  c o o l i n g  equipment has 
:slating f u e l  cost .  However, as 
! t o  t r i m  demand peaks due t o  
b s o r p t i o n  marke t  p e r s i s t s .  A 
absorption equipment and assoc i- 
t h a t  they  do n o t  p l a c e  a l a rge  
nerat ing equipment. Th is  al lows 
t i c a l  r e f r i g e r a t i o n  dur ing power 
; i o n  i s  another  example o f  an 
~ h e r m a l  storage found acceptance decades ago as a 
means to reduce the i n s t a l l e d  c o s t  o f  a i r  cond i t i on ing  
I 
systems w i t h  h i g h l y  v a r i a b l e  loads. Today's demand 
charges have r e v i v e d  the  concept.  Thermal storage 
uses l a r g e  volumes o f  water  o r  i c e  i n  c e n t r a l  o r  
m o d u l a r  packages t o  s t o r e  r e f r i g e r a t i o n  produced 
d u r i n g  o f f  peak per iods  f o r  l a t e r  use dur ing  per iods 
o f  peak demand. Thermal storage systems can be placed 
i n  two genera l  c l a s s i f i c a t i o n s - - p a r t i a l  storage and 
t o t a l  s t o r a g e .  P a r t i a l  s t o r a g e  t r i m s  t h e  peak 
r e f r i g e r a t i o n  l o a d  o n l y  and r e q u i r e s  some c h i l l e r  
operat ion dur ing  demand peaks. The storage volumes are 
manageable and t h e  demand sav ings  a r e  a t t r a c t i v e .  
T o t a l  s to rage systems must produce the e n t i r e  daytime 
r e f r i g e r a t i o n  l o a d  t h e  even ing  be fo re .  No c h i l l e r  
operat ion i s  al lowed dur ing  the daytime period. Tota l  
s to rage  sys tems r e q u i r e  enormous volumes of thermal 
s t o r a g e  and are usua l ly  a t t r a c t i v e  on ly  where t ime o f  
day ra tes  are avai lable.  
DEMAND LIMITING 
One o f  t h e  most a c t i v e  areas o f  power demand 
c o n t r o l  i s  demand l i m i t i n g  o r  l o a d  shedding. This 
c o n c e p t  i n v o l v e s  measur ing t h e  demand and t u r n i n g  
equipment o f f  f o l l o w i n g  a prescr ibed order  o r  s e t  o f  
p r i o r i t i e s .  T h i s  task i s  espec ia l l y  we l l  s u i t e d  f o r  
microcomputers. 
Demand l i m i t i n g  p rog rams  use  o n e  o f  t h r e e  
algorfthms to l i m i t  demand: 
1. Deadband 
2. Idea l  r a t e  
3. Predict ive.  
These methods a r e  e a s i e r  t o  comprehend i f  we 
f i r s t  unders tand the  t i m e l p u l s e  r e 1  a t i o n  o f  demand 
monitoring. This can be represented by a p l o t  o f  usage 
( k w h )  v e r s u s  t i m e  as shown i n  F i g u r e  1. The 
h o r i z o n t a l  a x i s  i s  time. The microcomputer can serve 
as timekeeper. The v e r t i c a l  ax i s  i s  usage. Pulses 
from the watt-hour meter w i l l  i n d i c a t e  usage. This 
p l o t  shows one demand i n t e r v a l .  The upper l i m i t  i s  
t h e  demand l i m i t  we w i s h  n o t  t o  exceed. G iven a 
demand l i m i t  o f  900 kw, a p u l s e  f a c t o r  o f  0.6966 
kwh/pu lse  and a demand i n t e r v a l  o f  1 5  minutes, the 
a l l o w a b l e  nunber of pulses per demand i n t e r v a l .  i.e., 
the nunber of squares on F igure  1 , can be determined: 
I DEMAND LIMIT 1 
Ffgure 1. One Demand I n t e r v a l  Showfng 
Usage (kwh) vs. Time 
PO0 kw x 0.25 hour = 323 pulses 
0.6966 kwh= 
I f  the  demand l i m i t e r  a l l o w s  no more than  323 
p u l s e s  i n  any 15-minute period, the demand 1 i m i t  w i l l  
be maintained. The s imples t  method o f  1 i m i  t i n g  demand 
wou ld  be t o  l e t  a l l  equipment i n  the b u i l d i n g  operate 
u n t i l  323 pulses are counted. I f  the elapsed t ime i s  
1 5  m inu tes  or. more, no a c t i o n  i s  requ i red .  I f  the 
e lapsed  t i m e  i s  l e s s  than 1 5  minutes, a l l  equipment 
mus t  be t u r n e d  o f f  f o r  t he  remainder  o f  the  demand 
i n t e r v a l .  Obv ious ly  t h l s  i s  n o t  des i red  by the user, 
t h e  u t i l  1 ty or equipment manufacturers. To provide 
m o r e  s t a b l e  c o n t r o l ,  s e p a r a t e  s h e d  and r e s t o r e  
boundaries are es tab l ished as shown i n  F igure  2. This 
a l l o w s  a c t i o n  b e f o r e  the pulse l i m i t  i s  reached. I n  
the area between the shed and r e s t o r e  l i nes ,  no demand 
l i m i t i n g  a c t ' o n  takes place, hence the term deadband 
con t ro l .  
I f  t h e  number o f  a l l owab le  pulses i s  d i v i ded  by 
t h e  demand i r t e r v a l ,  an i dea l  r a t e  i s  determined. I n  
o u r  example, the idea l  r a t e  i s  21.4 pulses per minute 
o r  2.803 secorlds per pulse. 
DEMAND LIMIT I 
--DEMAND INTERVAL (MINUTES) I 
Figure  2. Demand Shed and Restore Boundarfes 
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I f  t h e  p u l s e s  a r e  s h o r t e r  t han  2.8 seconds, 
demand must be shed. I f  t h e  pulses are longer than 
2.8 seconds, t h e r e  i s  a l l o w a b l e  marg in  t o  s t a r t  o r  
r e s t o r e  loads t h a t  have been shed. The idea l  r a t e  
method a1 lows a  more r a p i d  response and i s  sometimes 
. r e f e r r e d  t o  as the instantaneous method, s ince a c t i o n  
i s  no t  l o s t  wh i le  i n  the deadband, F igure  3. 









Figure  3. Idea l  Demand Rate Curve 
B o t h  t h e  deadband and i d e a l  r a t e  methods can 
de te rm ine  when l oads  must be shed. However, they  
cannot  e s t a b l i s h  t h e  q u a n t i t y  o f  l o a d  t h a t  must be 
shed. T r i a l  and e r r o r  a l l o w s  these n o n h i s t o r i c a l  
methods to f i n d  a  so lu t ion .  When demand must be shed, 
a  p r i o r i t y  o r  s e t  g r o u p  o f  l o a d s  i s  shed. The 
a l g o r l  thm t h e n  w a i t s  a  p e r i o d  o f  t i m e  c a l l e d  t h e  
a c t l o n  p e r i o d .  I f  t h e  demand re tu rns  to acceptable 
l i m i t s  dur ing the ac t ion  period, no f u r t h e r  adjustment 
i s  required. The proper l eng th  o f  time f o r  the  ac t i on  
p e r i o d  depends on t h e  a p p l i c a t f o n .  I f  t h e  a c t i o n  
per iod  i s  ,too long, the demand l i m i t e r  may n o t  be able 
t o  m a i n t a i n  the l i m i t  when the demand i s  e r r a t i c .  I f  
t h e  a c t i o n  per iod  i s  too sho r t  the demand l i m i t e r  may 
panic and unnecessarily shed higher p r i o r i t y  loads. 
The advent o f  more i n t e l l  i g e n t  microprocessor- 
based. demand l i m i t e r s  p resen ts  the oppor tun i ty  f o r  
A b ~ a n d  cont ro l .  P r e d i c t i v e  demand c o n t r o l  
~ e r i o d  o f  recent  h i s t o r y  to p r e d i c t  the 
; r a p o l a t i o n ,  F i g u r e  4 ,  a1 l o w s  t h e  
netermine t h e  ac tua l  k i l o w a t t s  o f  l oad  
shed t o  maintain the demand l i m i t .  The 
t r o l  i s  s t a b l e ,  a l l ow ing  more o f f  time 
~ r i t y  l oads  and avoids the  unnecessary 
lher p r i o r i t y  loads. 
APPLICATION OF DEMAND LIMITING 
How i s  t he  demand l i m i t e r  sa fe l y  app l ied  t o  a i r  
c o n d i t i o n i n g  equipment? The l e a s t  ob jec t ionab le  meth- 
o d  i s  t o  l i m i t  t h e  amount o f  r e f r i g e r a t i o n  load sent  
t o  t h e  compressor. However i n  c h i l l e d  water systems, 
t h e  r e d u c t i o n  i n  compressor l o a d  i s  n o t  immediate. 
C y c l i n g  a i r  hand le rs  may cause ob jec t ionab le  changes 
i n  sound power l e v e l s  i n  the occupied space. Frequent 
s t a r t s  o f  l a r g e  a i r  hand le rs  can be t r a u m a t i c  t o  
motors ,  b e l t s .  d r i v e s  and fan  wheels. L i m i t i n g  the 
c a p a c i t y  o f  c e n t r i f u g a l  c h i l l e r s  i s  accomplished by 
s i m p l y  reduc ing r e f r i g e r a n t  f low by p a r t i a l l y  c l o s i n g  
t h e  i n l e t  vanes. The kw reduct ion  i s  immediate, sound 
l e v e l s  i n  the  a i r  cond i t ioned space do n o t  change and, 
most  i m p o r t a n t l y ,  equipment s ta r t / s tops  are avoided. 
Most  c e n t r i f u g a l  c h i  1  l e r s  a r e  i n s t a l l e d  w i t h  manual 
demand l i m i t i n g  systems. I n t e r f a c i n g  t h i s  equipment 
w i t h  demand 1  i m i  t e r s  i s  r e l a t i  be l i m i t e d  r e l a t i v e l y  
s i m p l e .  W i t h  u n i t a r y  e q u i p m e n t  t h e  by  s i m p l y  
e n e r g i z i n g  the  compressor unloaders. Again equipment 
s  t a r t / s tops  are avoided. 
Smaller packaged equipment such as small roo f tops  
and incremental u n i t s  do n o t  p rov ide  a  method f o r  com- 
p r e s s o r  unloading. The compressor must be turned o f f  
t o  r e d u c e  t h e  r e f r i g e r a t i o n .  F o r t u n a t e l y  t hese  
smal le r  compressors are  designed f o r  c y c l i c  duty. Due 
t o  t h e i r  c l o s e  p r o x i m i t y  t o  occup ied  spaces, f a n  
c y c l i n g  s h o u l d  be avoided. A i r  cond i t i on ing  systems 
emp loy ing  these  s m a l l e r  packages i n  l a r g e r  bu i l d i ngs  
d i s p l a y  an i n c r e a s e d  need f o r  demand 1  im i t i ng .  As 
b u i l d i n g  zone s i z e  i s  reduced, t o t a l  i n s t a l  l e d  tonnage 
increases due to i nve rs f t y .  Each compressor i s  cyc led  
by a  space thermostat. There i s  no c o n t r o l  system to 
l i m i t  t h e  number o f  compressors running a t  any given 
t i m e .  T h i s  s i t u a t i o n  can  be compounded by n i g h t  
se tback  t i m e  c l o c k s .  The c o s t  o f  a p p l y i n g  demand 
1  i m i  t i n g  t o  a  1  a r g e r  number o f  un i t s  can be s i g n i f  i- 
c a n  t l y  r e d u c e d  by g r o u p i n g  c o m p r e s s o r s .  These 
compressor groups shou ld  be es tab l  ished by p r f o r i t y ,  
n o t  by thermal zone. 
Faced  w i t h  n u c l e a r  r e g u l a t i o n ,  env i ronmen ta l  
c o n s t r a i n t s  and t h e  h i g h  c o s t  o f  c a p i t a l ,  u t i l i t i e s  
a r e  p r o v i d i n g  users  major incent ives  to reduce t h e i r  
e l e c t r i c  demand. Today's engineer ing chal lenge i s  to  
d e s i g n  H V A C  sys tems  t h a t  c a n  e a s i l y  c u r b  t h e i r  
a p p e t i t e  f o r  p o w e r  w i t h o u t  t a x i n g  c o m f o r t  o r  
equipment l i f e .  
A lgor i thm-cont ro l led  Demand Shedding 
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